Abstract. Aeration was an important method to keep stored grain in good conditions. It was both time-and labor-consuming to conduct experiments of aeration in real grain storage bins. This paper aimed at developing an experimental platform for stored grain aeration study. Requirements of the aeration study were analyzed and the structure of the platform was introduced. Then the key parameters were calculated for the platform. Different parts of the platform were selected and designed. In order to conduct the aeration experiments, temperature of different positions should be collected. So the temperature data acquisition system was introduced in detail. Finally, this system was tested. Results showed that this platform could be used for different stored grain aeration process study.
Introduction
Grain loss during storage takes a great part of the postharvest loss. The grain storage system is an ecosystem where both the biotic and abiotic factors are working together [1] . Among these factors, the grain temperature and moisture content are considered to be the most important ones [2] . During grain storage, grain is easy to be infested by mould and insects, which call for proper living conditions of temperature and moisture. Thus grain temperature and moisture content are the main objectives to be controlled during grain storage management. Aeration provides an effective and efficient method to cool the grain, uniform its distribution, remove odor of the grain bulk and so on. Aeration could also change the grain moisture content to some extent. In most of the time drying accompanied the cooling process but it should not be more than 1%.
To better understand the stored grain aeration process, both simulation and experiment studies were conducted. For simulation, many researchers have developed different models based on the basic heat, mass and momentum transfers principles in the grain bulk during aeration [3] [4] [5] . These models are usually composed of complex partial differential equations together with detailed boundary conditions. These models can describe the stored grain aeration process with certain precision under different conditions but need experiments for validation. Some experiments were conducted in real-field grain bins. The bins were very large and the experiments often took days or months to be finished. Lots of grains were used or evened wasted after the experiments. Moreover, these experiments always took lots of labors to conduct. Another choice of experiment for stored grain aeration is to conduct it in the laboratory-scale experimental platform. These experiments are easy to be run and controlled, and can reflect the real process characteristics of stored grain aeration. Thus, a lot of researches were conducted on the experimental platform [6] .
A well developed experimental platform is very essential for stored grain aeration study. To design it, principles of aeration need to be learnt. During aeration, air was blown from bottom to the top of the grain bulk, and took the heat inside the bulk out to modulate the grain temperature. Resistance was generated when the air was blown through the pipes and the grain bulk. In this case, the air pump must provide enough pressure for the air to get through the grain bulk. So the total pressure loss of air during aeration should be calculated for the selection of air pump. Moreover, the heat change of the aeration should be monitored through the whole process, and a data acquisition system is very essential. To get more accurate result and eliminate the system error and measurement error, experiments in triplicate are required.
Based on the above analysis, this paper will introduce the development of the experimental platform for stored grain aeration in detail, which included air pressure loss calculation, bin design and the introduction of the data acquisition system.
Structure of the Experimental Platform
The experimental platform consisted of storage bins, air pump, data acquisition system and other auxiliaries. Three pipes of PVC were used as the storage bins with diameter of 0.4 m, height of 1.5 m. Structure of each bin was shown in Fig. 1 . The air pump was used to push the air get through the grain bulk. The data acquisition system include temperature sensors (DS18B20) and data collector which could be connected with the PC and send data to the PC for procession. There were 15 sensors deployed in the vertical direction to test temperature of different positions of the grain bulk in each bin. 
Air Pressure Loss Calculation
Air pressure loss was a very important parameter for aeration system design. For stored grain aeration, the air velocity inside the grain bulk was usually between 1 and 2 (L/s) /m 3 . In this study, the air pressure loss consisted of two parts: (1) the pressure loss through the storage bins, (2) and the pressure loss through the pipes between the air pump and the diverter, and pipes between the diverter and the bins.
The first part of air pressure loss could be calculated as follows,
Where, ΔP was the total pressure loss, Pa; L was the distance air get through, m; C 1 was a constant parameter; V 1 was the air velocity inside the bin, m/s. V 1 could be decided by the air volume per hour G in m 3 /h and bottom area of the bin S 1 in m 2 ,
G could be calculated as follows,
Where, M was the grain weight in each bin, t; Q was the air volume flow rate, m 3 /h·t. ; H was the height of each bin, m; ρ was the density of the grain bulk, t/m 3 . Before calculation of the second part of air pressure loss, Reynolds number Re should be calculated to decide whether the air getting through the pipes was laminar flow or turbulent flow. Then the pressure calculation formula could be chosen.
Re vD
Where, ρ was the density of the flow, kg/m 3 ; v was the flow velocity, m/s; D was the equivalent diameter of the pipe, m; μ was the coefficient of viscosity, Pa·s.
In the fomula, v could be calculated as follows
Where, S 2 was the cross-sectional area of the pipe, m 2 . The calculation result was Re=858.7 which meant that the flow inside the pipe was laminar flow. Thus the following formula was chosen to calculate the second part of the air pressure loss, L was the equivalent length of the pipe, m. After calculation of the air pressure loss, air pump ACO-380 was selected, of which the air volume flow rate was 250 L/min and the outlet pressure was more than 0.04 Mpa.
Data Acquisition System
The temperature sensor used in the experimental platform was DS18B20. It had the features such as low cost, small volume, low power consumption and high accuracy [7] . In theory, several DS18B20 could be connected to one bus to form a measurement network. However, if the number was too much, power supply requirements would increase and the normal power might not high enough to drive the sensors. Thus, 7 and 8 sensors were used in one cable and then the cables were connected to the data collector in this study. For each bin, 15 sensors were needed. So one cable with 7 sensors and one cable with 8 sensors were used. The way that the DS18B20 sensors connected to the data collector was shown in Fig. 2 . Data collector using the MODBUS-RTU communication protocol was selected for connection with the PC. Its picture was shown in Fig.3 and it was connected to the PC with USB interface. After the data was sent to the PC, a software would be used to display and manage the data, of which the interface was shown in Fig. 4 . 
Test of the Experimental Platform
Several tests of the experimental platform were conducted to find if it could meet the requirements of the stored grain aeration study. Results showed that the air pump could provide enough pressure for the air to flow through the grain bulk. And the data acquisition system could work well for temperature data collection. Fig. 5 showed the real-time data collected. Data of each sensor could be displayed as a curve for trend analysis as shown in Figure. 6. 
Summary
This paper presented the development of an experimental platform for stored grain aeration study. Calculation of key parameters and selection of different parts of the platform were introduced. Tests were carried out and results showed that the platform was able to carry out aeration experiments with sufficient air supply, and accurate real-time data collection system. This study provided one way to design an experimental platform for stored grain aeration.
